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The maximum r a n g e  o f  v i s i b i l i t y  of s e v e r a l  o b j e c t s  
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I .  I N T R O D U C T I O N  

I n  o r d e r  t o  be ab le  t o  p l a n  a l u n a r  s u r f a c e  g e o l o g i c  
i i i iss ion and t o  e v a l u a t e  t h e  u t i l i t y  o f  maps and  pho tomosa ic s ,  
t h e  v i s i b i l i t y  o f  g e o l o g i c a l l y  i n t e r e s t i n g  f e a t u r e s  must b e  
e s t a b l i s h e d .  T h i s  p a p e r  d e a l s  w i t h  t h e  v i s i b i l i t y ,  f rom t h e  
l u n a r  s u r f a c e  and from t h e  LM p l a t f o r m  or r o o f , *  o f  b o t h  
n e g a t i v e  and p o s i t i v e  f e a t u r e s  as a f u n c t i o n  of  c o n t r a s t  and 
s i z e .  Maximum r a n g e s  of  p e r c e p t i o n  a re  p l o t t e d  f o r  s e v e r a l  
examples .  

11. C R I T E R I A  AND ASSUMPTIONS 

V i s i b i l i t y  i s  a f u n c t i o n  o f  area and  c o n t r a s t .  Under 
good l i g h t i n g  c o n d i t i o n s  ( >  1 0  f o o t - l a m b e r t s )  above a c e r t a i n  
l i m i t i n g  a n g u l a r  s i z e  and w i t h i n  a c o n t r a s t  r a n g e ,  t h e  con- 
t r a s t  ( C ) x  area ( A )  = Constan t  (K). T h i s  c o n t r a s t  c o n s t a n t ,  
as w e l l  as o t h e r  da ta  r e l a t ed  t o  human v i s i o n  used  i n  t h i s  p a p e r ,  

i s  g i v e n  by B l a c k w e l l .  (’) For  a b r i g h t  background t h e r e  i s  
a l s o  a l i m i t i n g  c o n t r a s t  of about  .OO3 below which t h e  eye  does 
n o t  d e t e c t  an o b j e c t  a g a i n s t  a background r e g a r d l e s s  o f  i t s  
a rea .  Between c o n t r a s t  v a l u e s  o f  , 0 0 3  and .01, ( C ) ( A )  i s  no  
l o n g e r  c o n s t a n t .  I n  t h i s  p a p e r  o n l y  c o n t r a s t s  i n  t h e  r a n g e  
above I C (  = .01 are  c o n s i d e r e d .  T h i s  t h r e s h o l d  c o n t r a s t  was 
d e f i n e d  as t h e  c o n t r a s t  which was d e t e c t e d  w i t h  a p r o b a b i l i t y  
o f  50 p e r  c e n t .  

The l u n a r  p h o t o m e t r i c  f u n c t i o n  @ ( a , - c >  and t h e  a l b e d o  
d e f i n e  t h e  b r i g h t n e s s  o f  t h e  s u r f a c e  i n  t h e  f i e l d  o f  v i ew,  The 
a n g l e  a i s  t h e  phase  a n g l e ,  o r  t h e  a n g l e  between t h e  s u n  and 
t h e  v i e w i n g  l i n e ,  and  T i s  t h e  a n g l e  between t h e  v i ewing  l i n e  
and t h e  normal  t o  t h e  s u r f a c e  p r o j e c t e d  i n t o  t h e  phase  p l a n e .  
F i g u r e  1 shows t h e  geometry.  

*The he igh t -o f -eye  o f  an  a s t r o n a u t  s t a n d i n g  on t h e  LM 
e g r e s s  p l a t f o r m  i s  approx ima te ly  5 m .  The he igh t -o f -eye  above 
t h e  s u r f a c e  from t h e  dock ing  h a t c h  i n  t h e  LM r o o f  i s  a p p r o x i m a t e l y  
7 m. A t  t h e  p r e s e n t  time there  i s  no p l a n  t o  use  e i t h e r  o f  
t hese  v a n t a g e  p o i n t s .  However, f o r  t h e  pu rpose  of d e m o n s t r a t i n g  
t h e  a d v a n t a g e  g a i n e d  by  i n c r e a s i n g  the  h e i g h t - o f - e y e ,  t h e  7 m 
e l e v a t i o n  i s  used .  
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o 1 b , + - o 0 ( % T o )  

40(a, . ro)  
C o n t r a s t  i s  d e f i n e d  as C = 

where $ O ( a , ~ o )  i s  t h e  b r i g h t n e s s  o f  t h e  h o r i z o n t a l  s u r f a c e  and 

@ l ( ~ , ~ l )  i s  t h e  b r i g h t n e s s  o f  t h e  c o n t r a s t i n g  s l o p e .  
a l b e d o  i s  assumed t o  be c o n s t a n t .  The c o n t r a s t  r a n g e s  from 
C = -1 f o r  a shadow on a l i g h t  s u r f a c e  t o  + m f o r  a b r i g h t  
s p o t  on a shadowed s u r f a c e .  

F i g u r e  2 ,  i s  g i v e n  by Herriman -- e t  a1  ( 2 )  and i s  commonly known 
as t h e  F e d o r e t s  f u n c t i o n .  A more d e t a i l e d  e x p l a n a t i o n  of t h e  
v a r i o u s  t r i g o n o m e t r i c  r e l a t i o n s h i p s  i n v o l v e d  i s  g i v e n  by 
H a m ~ a ' ~ ) .  
was assumed on which t h e  o b j e c t s  of  i n t e r e s t  were suDerimposed 
and n o t  obscu red  b y  o t h e r  f e a t u r e s .  The f e a t u r e s  o f  i n t e r e s t  
were rimless c r a t e r s ,  r a i sed  r i m  c r a t e r s  and b l o c k s .  From t h e  
s t a n d p o i n t  o f  c a l c u l a t i o n ,  a l l  o t h e r  f e a t u r e s  o f  i n t e r e s t  can  
be grouped  w i t h  t h e  above t h r e e .  

The 

The l u n a r  p h o t o m e t r i c  f u n c t i o n  used  he re ,  and shown i n  

F o r  p u r p o s e s  of  c a l c u l a t i o n  a p l a n e  h o r i z o n t a l  s u r f a c e  

111. COMPUTATION 

A computer  program was w r i t t e n  to compute t h e  v i s i -  
b i l i t i e s .  The main o b j e c t i v e  o f  t h e  program was t o  c a l c u l a t e  
t h e  g rea t e s t  r a n g e  a t  which t h e  a s t r o n a u t  c o u l d  d e t e c t  a g i v e n  
o b j e c t .  The o b j e c t  was p l a c e d  a t  t h e  maximum l i m i t  o f  e y e  
r e s o l u t i o n  (1/2 m r )  and knowing i t s  s l o p e ,  t h e  c o n t r a s t  w i t h  
r e s p e c t  t o  t h e  h o r i z o n t a l  s u r f a c e  was c a l c u l a t e d .  I f  (C)(A) < K ,  
t h e  r a n g e  was r e d u c e d  and t h e  c o n t r a s t  r e c a l c u l a t e d .  I f  t h e  
c o n t r a s t  was found t o  b e  less t h a n  .01, t h e  r ange  was reduced  
i n  s u c c e s s i v e  s t e p s  u n t i l  t h e  a b s o l u t e  v a l u e  o f  t h e  c o n t r a s t  
became g r e a t e r  t h a n  .01. The t h r e e  f e a t u r e s  ment ioned above 
were h a n d l e d  i n  the  f o l l o w i n g  way: 

1. R i m l e s s  Craters 

Near ly  r imless c r a t e r s  up t o  30 m e t e r s  i n  d i a m e t e r  
a r e  found on O r b i t e r  pho tographs  of mare r e g i o n s .  The m = l x i m l m  
d e t e c t a b l e  r a n g e ,  assuming s u f f i c i e n t  c o n t r a s t ,  i s  g i v e n  by 
t h e  e x p r e s s i o n  

where r i s  t h e  r a n g e ,  d i s  t h e  c r a t e r  diameter,  a i s  t h e  h e i g h t  
o f  e y e  and b i s  t h e  a n g u l a r  r e s o l u t i o n  o f  t h e  e y e .  The f a c t  
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t h a t  t h e  r ange  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  s q u a r e  r o o t  
of t h e  a n g u l a r  r e s o l u t i o n  i s  a m a n i f e s t a t i o n  o f  t h e  f o r e s h o r t e n i n g  
phenomenon. 

For low sun  a n g l e s ,  shadows w i l l  be c a s t  i n  t h e  
c r a t e r s  i n c r e a s i n g  t h e  c o n t r a s t  t o  u n i t y .  
t h e  c r i t e r i a  for t h e  v i s i b i l i t y  o f  c r a t e r  shadows assuming a 
c o n i c a l  c r a t e r  p r o f i l e .  These c r i t e r i a  were i n c o r p o r a t e d  i n  
t h e  program. F i g u r e s  3a-3d show t h e  maximum d i s t a n c e  a t  which 
an  a s t r o n a u t  w i l l  be ab le  t o  d e t e c t  a one meter diameter 
r imless  c r a t e r .  F i g u r e s  4a and 4b show t h e  advan tage  o f  i n -  
c r e a s i n g  t h e  he igh t -o f -eye  t o  t h e  LM r o o f .  The c o n t r a s t  c r i t e r i a  
were n o t  a p p l i e d  t o  o b j e c t s  a t  l e s s e r  r a n g e s  and t h e r e f o r e  
c e r t a i n  v i s i b i l i t y  gaps  a t  t h e  z e r o  phase  washout p o i n t s  a re  n o t  
shown. The c o n c e n t r i c  c i r c l e s  d e n o t e  d i s t a n c e  from t h e  o b s e r v e r  
and n o t  a n g l e ,  as i s  customary i n  a p o l a r  p l o t .  

James (4) has s t a t e d  

2 .  Raised R i m  Craters 

Raised r i m s  a re  n o t  s u b j e c t  t o  f o r e s h o r t e n i n g ,  t h u s  
t h e i r  d e t e c t i o n  r a n g e  i s  p r o p o r t i o n a l  t o  t h e i r  s i z e  and dependent  
on t h e  s l o p e .  A v a l u e  of . 0 8  was a s s i g n e d  t o  t h e  r i m  h e i g h t -  

R i m  s l o p e s  w i t h  v a l u e s  o f  5' and 10' were u s e d .  I n  t h e  l a t t e r  
c a s e ,  f o r  an  a s t r o n a u t  on t h e  ground,  a t  a s u n  a n g l e  of  15' 
t h e  r i m  o f  a 30 m c r a t e r  i s  v i s i b l e  t o  t h e  h o r i z o n ,  2 . 4  km 
away i n  t h e  9 O o - 1 8 O 0  q u a d r a n t s .  I n  t h i s  c a s e  t h e  o n l y  a d v a n t a g e  
of i n c r e a s i n g  t h e  he ight -of -eye  i s  t o  e x t e n d  t h e  d i s t a n c e  t o  
t h e  h o r i z o n .  F i g u r e s  5a, 5b and 5c show t h e  maximum d i s t a n c e  
a t  which ra ised r i m s  of v a r i o u s  s i z e s  and s l o p e s  can  be  d e t e c t e d .  

diameter r a t i o  b a s e d  on e x p e r i m e n t a l  e x p l o s i o n  c r a t e r  s t u d i e s  ( 5 )  . 

3. Blocks  

The d e t e c t i o n  of  b l o c k s  i s  o f  i n t e r e s t  t o  l u n a r  
g e o l o g i c  EVA m i s s i o n  p l a n n e r s  s i n c e  one o f  t h e  pr ime o b j e c t i v e s  
i s  t o  sample basement mater ia l .  The d e t e c t i o n  of b l o c k s  can  
be h a n d l e d  i n  t h e  same manner as t h e  ra i sed  r i m  c r a t e r s .  
However, b l o c k s ,  p a r t i c u l a r l y  f resh ones ,  do n o t  e x h i b i t  a 
s t a n d a r d  l u n a r  t y p e  p h o t o m e t r i c  f u n c t i o n  and g e f i e r a l l y  have  a 
h i g h e r  a l b e d o .  T h i s  f a c t  i s  v e r y  a p p a r e n t  on Surveyor  p i c t u r e s  
l o o k i n g  toward t h e  h o r i z o n .  Blocks a re  g e n e r a l l y  b r i g h t e r  
t h a n  t h e i r  s u r r o u n d i n g s  and t h e r e f o r e  e x h i b i t  h i g h  c o n t r a s t .  
If t h e  r o c k  s u r f a c e s  f o l l o w e d  t h e  s t a n d a r d  s u r f a c e  p h o t o m e t r i c  
f u n c t i o n ,  a l l  v i s i b l e  b l o c k  s u r f a c e s  on t h e  h o r i z o n  h a v i n g  t h e  
same a l b e d o  as t h e  s u r f a c e  would be da rke r  t h a n  t h e i r  s u r r o u n d i n g s .  
S i n c e  t h e  c o n t r a s t  i s  h i g h ,  t h e  v i s i b i l i t y  o f  b l o c k s  w i l l  
b e  dependen t  o n l y  on t h e i r  a n g u l a r  s i z e .  A one me te r  b l o c k  
would t h e r e f o r e  be  v i s i b l e  a t  2 km, or a l m o s t  a t  t h e  a s t r o n a u t ' s  
ground-based h o r i z o n .  
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IV. CONCLUSIONS 

The maximum d i s t a n c e  a t  which r e p r e s e n t a t i v e  o b j e c t s  
o f  g e o l o g i c  i n t e r e s t  can be d e t e c t e d  has been  c a l c u l a t e d .  I n  
t h e  c a s e  o f  r imless c r a t e r s ,  i n c r e a s i n g  t h e  a s t r o n a u t ' s  h e i g h t -  
of -eye  i n c r e a s e s  t h e  d e t e c t i o n  r a n g e  s i g n i f i c a n t l y .  I n  t h e  
c a s e  of  p o s i t i v e  f e a t u r e s  such  as c r a t e r  r i m s  and b l o c k s ,  t h e  
v i s i b i l i t y  i s  de te rmined  mainly by t h e  d i s t a n c e  t o  t h e  h o r i z o n  
and  i s  o t h e r w i s e  i n d e p e n d e n t  o f  t h e  he igh t -o f -eye .  The v i s i b i l -  
i t y  i s  i n  a l l  c a s e s  g r e a t e r  i n  t h e  go0-1800 q u a d r a n t s ,  i . e . ,  
f a c i n g  t h e  sun  r a the r  t h a n  f a c i n g  away from t h e  s u n .  

The a s sumpt ion  of  8n u n c l u t t e r e d  h o r i z o n t a l  s u r f a c e  
i s ,  of  c o u r s e ,  a r t i f i c i a l .  Any nea rby  l a r g e  c r a t e r  would 
o b s c u r e  f e a t u r e s  beh ind  i t .  If t h e  a s t r o n a u t  f i n d s  h i m s e l f  i n  
a d e p r e s s i o n  of  any t y p e ,  h i s  h o r i z o n  w i l l  b e  s e v e r e l y  l i m i t e d .  
The maximum v a l u e s  g i v e n  may a l s o  be h i g h  because  o f  u n s p e c i f i e d  
form f a c t o r s ,  such  as t h e  l i m i t  of r e s o l u t i o n  o f  t h e  eye  beh ind  
t h e  helmet v i s o r  and t h e  g l a r e  when f a c i n g  t h e  s u n .  However, 
t h e  c a l c u l a t i o n s  p r e s e n t e d  here do g i v e  a good es t imate  o f  t h e  

1 0  1 2 -  AFHG- ks  e A .  F .  H .  G d e t z  
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